Purpose. To test the feasibility of scanning laser densitometry with a modified Rodenstock scanning laser ophthalmoscope (SLO) to measure the rod and cone photopigment distribution in patients with retinal diseases. Methods. Scanning laser densitometry was performed using a modified Rodenstock scanning laser ophthalmoscope. The distribution of the photopigments was calculated from dark adapted and bleached images taken with the 514 nm laser of the SLO. This wavelength is absorbed by rod and cone photopigments. Discrimination is possible due to their different spatial distribution. Additionally, to measure retinal sensitivity profiles, dark adapted two color static perimetry with a Tü binger manual perimeter was performed along the horizontal meridian with 1°spacing. Results. A patient with retinitis pigmentosa had slightly reduced photopigment density within the central 95°but no detectable photopigment for eccentricities beyond 5°. A patient with cone dystrophy had nearly normal pigment density beyond 95°, but considerably reduced photopigment density within the central 9 5°. Within the central 95°, the patient with retinitis pigmentosa had normal sensitivity for the red stimulus and reduced sensitivity for the green stimulus. There was no measurable function beyond 7°. The patient with cone dystrophy had normal sensitivity for the green stimulus outside the foveal center and reduced sensitivity for the red stimulus at the foveal center. The results of color perimetry for this patient with a central scotoma were probably influenced by eccentric fixation. Conclusion. Scanning laser densitometry with a modified Rodenstock SLO is a useful method to assess the human photopigment distribution. Densitometry results were confirmed by dark adapted two color static perimetry. Photopigment distribution and retinal sensitivity profiles can be measured with high spatial resolution. This may help to measure exactly the temporal development of retinal diseases and to test the success of different therapeutic treatments. Both methods have limitations at the present state of development. However, some of these limitations can be overcome by further improving the instruments.
Introduction
Retinal densitometry is the only objective method to measure the amount of functioning photopigment in the living human eye. The amount of photopigment is important for the first step of vision, the capturing of quanta, and triggers the following cascade of the visual process. The basic principle of retinal densitometry is to compare the amount of light that is reflected from the ocular fundus between the dark adapted condition (with the photopigments fully regenerated) and the light adapted condition (with the photopigments maximally bleached). Owing to the absorption of the photopigments, the reflection of the dark adapted fundus is less than that of the light adapted fundus. The first quantitative results were described by Rushton (1952 Rushton ( , 1953 and Weale (1953a,b) . The change of reflection can be measured either as the average change across a small spot of about 2-5°diameter (single spot densitometer) or with high spatial resolution within a larger field (imaging densitometer). Compared to single spot densitometers, imaging densitometers have the advantage that relatively large areas can be measured simultaneously (Kilbride, Read, Fishman & Fishman, 1983; Faulkner & Kemp, 1984; van Norren & van de Kraats, 1989; Elsner, Burns, Hughes & Webb, 1992) . A survey of clinical applications of retinal densitometry is given by Liem, Keunen and Van Norren, (1996) .
Knowledge about the distribution of human photopigments can be useful for investigating both normal function and retinal diseases. Despite this importance for the visual process, there are only a few results showing the distribution of the photopigments across the human retina (Kilbride et al., 1983; Faulkner & Kemp, 1984; Kilbride, Fishman, Fishman & Hutman, 1986; van Norren & van de Kraats, 1989; Kilbride & Keehan, 1990; Elsner et al., 1992; Van Meel, Van Norren & Van de Kraats, 1992; Elsner, Burns & Webb, 1993; Berendschot, DeLint & Van Norren, 1996; DeLint, Keunen, Liem & Van Norren, 1996; Tornow, Beuel & Zrenner, 1997) compared with results of other methods like perimetry and electrophysiology. This might be due to the fact that densitometers are not commercially available and that there are only a few research instruments for imaging densitometry (Kilbride et al., 1983; Faulkner & Kemp, 1984; van Norren & van de Kraats, 1989; Elsner et al., 1992) . These instruments are specially designed for imaging densitometry and high stability. Recently, a method to modify a commercially available Rodenstock scanning laser ophthalmoscope for imaging densitometry has been described (Tornow et al., 1997) . In this paper, the photopigment distributions measured with this modified Rodenstock SLO for two patients, one with retinitis pigmentosa and one with cone dystrophy are presented. Additionally, retinal sensitivity profiles were measured using two color static perimetry to verify the results of scanning laser densitometry. The main sources for errors of the two methods and possible improvements are described.
Subjects and methods

Subjects
Patient 1
A 46-year-old woman with a mild form of an autosomal dominant retinitis pigmentosa (RP) with complaints of night-blindness was tested. Her best visual acuity was 1.0 in each eye. Funduscopic examination showed waxy-yellow colored optic discs, attenuated blood vessels and a diffuse depigmentation of the retinal pigment epithelium (RPE) without typical bone spicule pigmentations. On Ganzfeld ERG testing there were no detectable rod responses and markedly reduced cone amplitudes with increased peak times. Dark adaptometry performed at 15°showed a final threshold elevation of about 4 log units.
Patient 2
A 27-year-old woman with an autosomal dominant macula dystrophy was tested. Color vision testing with the Lanthony panel D 15 test revealed tritanomaly in both eyes. Her best visual acuity was OD 0.63, and OS 0.32. Slit lamp examination revealed no abnormalities. On funduscopic examination there was moderate atrophy of the optic discs with fine depigmentations of the macular RPE. Retinal vessels appeared normal. Visual fields revealed small central scotomata. On Ganzfeld ERG testing, there were normal rod and cone responses. Dark adaptometry performed at 15°showed normal final rod-thresholds.
Normal subjects
Densitometry and color perimetry were performed on six normal subjects (aged between 26 and 38 years, four females, two males).
After carefully explaining the nature of the experiments, informed consent was obtained from the two patients and the normal subjects.
Retinal densitometry
Retinal densitometry is a method to measure the amount of functioning photopigment in the living human eye. It can be calculated from two fundus images, one taken with the photopigments dark adapted and the other with the photopigments fully bleached. If the photopigments are bleached, more light is reflected compared to the dark adapted condition due to the reduced light absorption of the photopigments. The optical density D is equal to the difference of the logarithm of the two reflections.
In this paper, the result D of this calculation is called the optical density or density of the photopigment layer because the main reason for changes in reflection is due to the reduced absorption of the photopigment layer.
(However, there might be other reasons for a change in reflection.) D is a measure of the averaged density within the measured field (pixel). It is not possible to calculate the absolute photopigment density from densitometry results because important parameters like photoreceptor coverage, length and extinction coefficients are unknown. Other names used for D are double density or density difference. A Rodenstock model 101 SLO has been modified to use as an imaging densitometer (Tornow et al., 1997) . The density can be very small where the pigment distribution is not at its maximum or in patients with reduced density. To get reliable results two main points had to be taken into consideration. Firstly, the intensity of the illuminating laser was not stable enough over time and thus the images had to be corrected for the varying laser intensity and sec-ondly, the linearity of the detection and amplification system had to be improved. For details of the modified instrument and the method see Tornow et al. (1997) . The pupil was fully dilated and the subject was aligned to the instrument. Temple supports and a bite bar were used to stabilize his head. A dim LED observed with the contralateral eye was used for fixation. During this prealignment, the gain of the video amplifier was set to the highest value that was possible without saturation of the image. After the prealignment, the subject could take the head out the temple support. Following 30 min dark adaptation, the subject was realigned to the instrument using the IR laser (780 nm, 50 mW) to avoid bleaching of the photopigments during realignment. After realignment, the illumination was switched to the visible laser and the first images illuminated with the visible laser were digitized (CFG-board, Imaging Technology, 768× 512 pixels, 8 bit) and stored on disk. Following 4 min of bleaching with the visible laser, the images with the photopigments bleached were digitized. The same laser intensity (70 mW) and wavelength (514 nm) were used for imaging and bleaching. The 514 nm light stimulates and bleaches both rods and cones. The images had to be realigned (translation and rotation) to compensate for small eye movements during the measurement using a specialized software Tornow (1996) . To reduce the noise, two succeeding images were averaged for the dark adapted and bleached condition after alignment. The density distribution was calculated from the averaged dark adapted and the averaged bleached images using Eq. (1) for each pixel. A high pixel value means the presence of large amount of photopigment and a dark pixel value, little or no photopigment. The field size of the images is 34×24°, the size of the calculated density distribution is restricted to the area where the images overlap after alignment. Line profiles were calculated from the density distribution (to compare with retinal sensitivity). For each x-value 11 neighboring y-values were averaged to reduce the noise in the line profile. The averaged density within the central 2× 2°was also calculated to compare the results with results from non-imaging spot densitometers.
Two color static perimetry
To measure the dark adapted sensitivity profiles, dark adapted two color static threshold perimetry was performed along the horizontal meridian (up to 920°) with a Tü bingen Manual Perimeter (TMP). Red and green stimuli with a diameter of 17 arc min, 500 ms duration, and with 1°spacing were used. The original color filters of the TMP were used to generate the color stimuli (peak wavelength 510 nm and 650 nm, respectively). Before dark adaptation the observers were first light-adapted by viewing a 600 cd/m 2 white light for 10 min. After 15 min of dark adaptation, the sensitivity profile for the red stimulus was measured. When this was finished (after more than 30 min of dark adaptation), the sensitivity profile for the green stimuli was measured. Threshold was determined by increasing the illuminance of the stimulus in 1 dB steps beginning below threshold until the subject reported seeing the stimulus. The sensitivity is given as attenuation of the stimulus in dB values. A luminance of 6.6 cd/m 2 for the red and 6.1 cd/m 2 for the green stimulus correspond to 0 dB. A fixation target was provided during the measurement: a green spot (12 arc min diameter) while measuring the sensitivity for the red stimulus and vice versa. For measuring the central sensitivity, a fixation target consisting of four points arranged as a rhombus with 4°spacing was used and the subject was asked to look at the center of the rhombus. The entire dark adapted perimetry for both colors (excluding light and dark adaptation) lasted about 60 min. The perimetry was performed before scanning laser densitometry to avoid the influence of the bright bleaching light on the dark adaptation time.
Results
The results of retinal densitometry and dark adapted perimetry of one normal subject (Tornow et al., 1997) , one patient with retinitis pigmentosa, and one patient with cone dystrophy are shown in Figs. 1-3. For each subject the light adapted fundus image (taken with the SLO at 514 nm and 70 mW) (a), the calculated density distribution (b), and a line profile for the density distribution (c) are shown. The position of the line profile is indicated in the density distribution (b) by the white line. Diagonal profiles show the density distribution up to higher eccentricities than that for horizontal profiles due to the restricted scan field of the SLO. Density profiles along the horizontal meridian show approximately the same dependence of eccentricity in all three examples shown here. Additionally, the sensitivity profiles along the horizontal meridian for red and green stimuli are shown (d). Positive values of eccentricity indicate nasal retina and negative values temporal retina. The dotted lines in Figs. 2d and 3d show the normal range (mean 9 2 SD) of the color perimetry for six normal subjects (aged between 26 and 38). For clarity, this normal range is only plotted in those diagrams where it is essential for comparison (in Fig. 2d for green stimuli and in Fig. 3d for red stimuli).
Normal subject
Density distribution
Within the central 5°, the density peaks at the fovea (D= 0.35). It decreases steeply with increasing eccentricity. The full width at half maximum (FWHM) is 3°.
At about − 3°there is a minimum (DB 0.05). With increasing eccentricity, the density also increases up to D = 0.32 on the temporal side at −17°. There is little apparent increase on the nasal side. The averaged density within a central field of 2 ×2°of this subject is 0.23. The mean value of the averaged density within the central 2× 2°of six normal subjects (aged between 26 and 38) is 0.3090.10 (mean9 S.D., range 0.22 -0.51). Fig. 1d shows the sensitivity profiles for the normal subject for red and green stimuli. The sensitivity for the green stimulus has a local minimum at the foveal center (20 dB). It rises steeply with eccentricity, reaches a plateau at about 8°and begins to decrease with eccentricities beyond − 18°on the temporal side. The sensitivity profile for the red stimulus peaks near 0°. The central sensitivity is 25 dB. The highest value (26 dB) is obtained for an eccentricity of 1°. The sensitivity slightly decreases with increasing eccentricity. At 0°, the sensitivity for the red stimulus is about 5 dB higher than for the green stimulus. The position of the optic disk (13-16°) can be seen for both profiles at the same location.
Two color static perimetry
Patient with retinitis pigmentosa
Density distribution
At the fovea, the density distribution shows a clear peak (Fig. 2b and c) , but no photopigment could be detected for eccentricities beyond 5°within the measured field. The averaged density within the central 2 ×2°is 0.16.
Two color static perimetry
Within the central 9 5°the sensitivity for the red stimulus is within the normal range. The highest sensitivity is 29 dB at −2°. The sensitivity for the green stimulus shows a local minimum at 0°(13 dB). The sensitivity increases with eccentricity up to 9 5°, where it is 28 dB (− 5°) and 30 dB (5°). There is a very steep decrease in sensitivity between 5 and 7°on both sides for both colors. Below −8°no sensitivity is detectable. On the nasal side, there is a small increase at 14°to 5 dB.
Patient with cone dystrophy
Density distribution
The density distribution has a local minimum at 0°( DB 0.05). The central density peak is missing ( Fig. 3b  and c) . The density steadily increases on both sides up to 0.23 at −13°and about 0.15 at 10°. The averaged density within the central 2× 2°is 0.04.
Two color static perimetry
A striking feature is the fact that the central dip for the green stimulus is missing. Between −20°and 12°t he sensitivity is nearly constant at 37 dB except for the range between 0 and 5°with a local minimum at 2°(32 dB). Beyond 12°there is a steep decrease at the position of the optic disk.
For the red stimulus there is a local minimum at the center instead of a local maximum. The lowest value is 3 dB at − 1°. The sensitivity increases up to 20 dB at −7 and 6°, respectively, and decreases slightly with eccentricity. Beyond 12°, the sensitivity steeply decreases due to the position of the optic disk. There is a shift of about 1°between the locations where the optic disk is to be seen in the two sensitivity profiles.
Discussion
Retinal densitometry and two color static perimetry measure different stages of the entire visual pathway. Retinal densitometry measures the amount of functioning photopigment. Despite the simple principle involved, retinal densitometry is a difficult procedure and there are many factors that influence the result and have to be taken into consideration. Some of these are inherent in densitometry, others depend on the experimental conditions and the instrument. One important points is the fact that the density can be artifically reduced due to reflections from layers before the light has passed the photoreceptors and stray light. Potential problems with densitometry are summarized by Elsner et al. (1992) .
Other factors that influence the measured density are the wavelength, the fraction of pigment bleached, the position and size of the entrance and exit pupils of the instrument (see e.g. van Blockland, 1986; Burns, Wu, Delori & Elsner, 1995) , and for confocal instruments the size and shape of the confocal aperture (Elsner, Burns, Delori & Webb, 1990) . This makes it difficult to compare results of different instruments. In our modified Rodenstock SLO, the 514 nm laser (Argon laser) is used for densitometry. The 514 nm light is absorbed by rod and cone photopigments and therefore the photopigments of both rods and cones contribute to the resulting pigment distribution. Discrimination of rod and cone photopigments is, however, possible in areas where one kind of photopigment dominates due to their different spatial distribution. In the area between about 2 and 8°both kinds of photopigment contribute to the density distribution (Kilbride & Keehan, 1990) and discrimination is impossible with 514 nm light alone.
The main sources for errors at the present state of development of the instrument are, besides unwanted reflections and stray light, eye movements of the subject during the measurement. Some subjects showed large eye movements despite the fixation target for the contralateral eye. If the illumination within the scanned field is not uniform, large eye movements between the dark-adapted and bleached images used to calculate the density change the illumination of a given retinal area. This effect artifically increases the density where the illumination changes from darker to brighter and vice versa.
Dark adapted static perimetry measures the sensitivity of the entire visual pathway. The sensitivity depends on the position at the retina, the adaptation stage of the retina and the color of the stimuli (apart from stimulus size and stimulus duration). For monochromatic stimuli with equal intensity, the sensitivity for a green (510 nm) stimulus is about 30 dB above that of a red (650 nm) stimulus at areas where the function is rod mediated (Massof, Johnson & Finkelstein, 1981) and about 4.7 dB where the function is cone mediated. As the TMP has relatively broad color filters and the intensities of the two colors are different, the values found with this instrument are not the same. Other factors that might influence the resulting difference is the presence of macular pigment and the variation of the dark adapted sensitivity among subjects. The difference between the sensitivity of the green and red stimuli measured using the TMP is about 20 dB for rod mediated function (Massof & Finkelstein, 1979) . For cone mediated function measured at the fovea with our instrument the difference is − 5.39 1.8 dB (mean 9 S.D., range from −7.3 to − 2.8 dB, six normal subjects).
The main source of error for this method could be an unknown or unstable fixation location, which would prevent an exact assignment of the sensitivity to the retinal location. This is especially important in the macular region, where there is a high variation in function with eccentricity even in normal subjects due to the natural photoreceptor distribution (Curcio, Sloan, Kalina & Hendrickson, 1990 ).
Normal subject
The density peak at the center of the normal subject (Fig. 1b and c) is due to the cone photopigment distribution. The peak density depends on the degree of averaging. If only seven neighboring pixels are averaged, the peak density is 0.40. The values of the peak density, the FWHM and the averaged density are in agreement with previously published results. Kilbride and Keehan, (1990) measured rod and cone function using a fundus camera based imaging densitometer. Both visual pigment distributions showed large variability among individuals. The peak cone density was 0.20 9 0.06 (at 555 nm, range 0.084-0.317, ten individuals). The mean FWHM was 3.7°(range 3.0-4.3°) for the horizontal meridian and 2.9°(range 2.3-5.6°) for the vertical meridian. A large variability for both peak cone density and cone pigment distribution was also found by Elsner et al. (1993) . The range of the peak cone density was 0.05 -0.35 (at 595 nm, seven individuals). The averaged density within the central 2× 2°using a SLO based imaging densitometer measured by DeLint et al., (1996) was 0.38 90.05 (at 514 nm, 15 individuals). Although all these values were measured with different instruments, wavelengths, entrance and exit pupils and confocal apertures, they are in a similar range.
For eccentricities beyond about 3°the optical density of cone photopigments is too low to be measured with the present technique, because the cone photopigment distribution is masked by the increasing rod photopigment distribution. The increasing optical density beyond 5°is due to the rod photopigment distribution. The rod photopigment optical density increases up to 0.30 at −16°. The dark spot in the density distribution above left of the central peak is an artifact due to the corneal reflex which artifically reduces the measured density. This artifically reduced density shows up in the line profile between − 2 and − 5°. The dark and bright vertical lines in the fundus image and the density distribution are artifacts due to the scanning system of our SLO. This might be the reason why there is a minimal increase in density on the right side. An alternative or additional explanation could be the high reflection of the nerve fiber layer which is highest close to the optic disk and decreases with distance from the disk (Knighton, Jacobson & Kemp, 1989) . High reflections artifically reduce the measured density.
Another artifact can be seen along the blood vessels at positions where the images are not exactly aligned (Figs. 1-3b) . Calculating the density from the dark adapted and the bleached images according to Eq.
(1), any misalignment of the dark blood vessels on the bright surrounding results in a dark area where the blood vessels are in the bleached image and a bright area where they are in the dark adapted image. Due to the steep change in reflection across the border of the blood vessels, even small mismatches can be seen.
The sensitivity profile for the green stimulus reflects the rod distribution with a minimum at the foveal center and increasing rod density with eccentricity (Tornow & Stilling, 1998) .
The corresponding position of the optic disk in the two profiles indicate that the same fixation location was used for both profiles.
Patient with retinitis pigmentosa
Three areas can be distinguished: the central area with nearly normal cone sensitivity and reduced rod function (0°to about 5°), a transition area where the function changes rapidly within 2°from nearly normal to no function (5-7°) and an area without any function (beyond 7°) within the tested area.
At the center, the cone density distribution can be seen (Fig. 2b and c) . The peak cone photopigment density and the mean density within the central 2× 2°a re slightly reduced compared to the values of the normal subject. The normal sensitivity for the red stimulus and the visual acuity of 1.0 indicate that the cone packing density in at least a portion of this area was normal. Good visual acuity despite reduced foveal density for patients with retinitis pigmentosa were also described by Van Meel and Van Norren, (1983) (using a single spot densitometer) and Kilbride et al., (1986) (using an imaging densitometer). Rod photopigment density is reduced or not detectable within the central 95°. The increasing density due to the rod distribution, found in the normal subject and the patient with cone dystrophy (see below) is missing. The density at 5°(D B 0.03) is considerably below the density of the normal subject and the patient with cone dystrophy (D \0.10). With the present technique it is not possible to distinguish between rod and cone photopigments at this location, however, from the results of color perimetry it is most likely that the density measured at this position is due to cone photopigments. The sensitivity at 5°for the red stimulus is within the normal range. The sensitivity for the green stimulus is below the range of the normal subjects. The difference to the mean normal value increases from − 4 dB at the foveal center to −12 dB at 3°. A striking effect is shown by the difference between the sensitivity of the green and red stimuli. This difference should be in the range between 20 dB (rod mediated function) and − 5.3 dB (cone mediated function at the foveal center). However, for this patient the difference reaches values of − 14 dB at 1°and remains below − 5 dB between 92°. Massof and Finkelstein, (1979) also found that the difference between the sensitivity for green and red stimuli for RP patients was below the value predicted on the basis of the luminance of the stimuli. This indicates a change in sensitivity that preferentially affects the short wavelength sensitivity compared to the long wavelength sensitivity. The reason for this shift in sensitivity is unknown and requires further investigation but this is out of the scope of this paper. The slightly increasing sensitivity at about 15°is most likely due to responses of the patient to stray light from this highly reflecting area (see Fig. 2a ).
Patient with cone dystrophy
The measured pigment distribution of this patient is mainly due to rod photopigment. The central cone peak is missing. Outside the central 9 3°the rod photopigment equals that of the normal subject. With the present technique, it is not possible to clearly determine the origin of the measured density at the foveal center, where there should be no rod photopigment. This could be due to residual cone photopigment. This explanation is supported by the central fixation for a bright stimulus (a small black cross of 1°length on a bright red background corresponding to a luminance of about 1000 cd/m 2 ) presented with the HeNe-laser of the SLO. Another explanation would be the high noise of the line profile or a slight base line shift of the density profile due to technical reasons.
Although the color perimetry results for this patients are probably influenced by eccentric fixation, they support the findings of densitometry. From the shape of the two sensitivity profiles, it is most likely that this patient had almost central fixation (shift of about 1°) for the green fixation stimulus used while measuring the profile for the red stimulus, but more eccentric fixation for the red fixation stimulus which was used while measuring the green sensitivity profile. Due to the eccentric fixation, the green sensitivity profile was not measured along the foveal center but along a position where the reduction of the central dip (about 20 dB for normal subjects) of the green sensitivity profile is reduced to about 5 dB. From the mean normal values for the green stimulus, it can be estimated that this corresponds to a shift of the fixation location of about 3°p erpendicular to the horizontal meridian. Nevertheless, beyond about 5°, the sensitivity is within the normal range, corresponding to the measured rod photopigment.
The central sensitivity for the red stimulus is reduced to 3 dB. Beyond 7°, normal sensitivity can be measured. That there is normal cone function outside the central area is indicated by the fact that the photopic Ganzfeld ERG of this patient is normal and there is a normal biphasic behavior in dark adaptometry. The normal scotopic Ganzfeld ERG and the normal threshold in dark adaptometry indicate normal rod function and the densitometry results indicate that even at the center the rod photopigment distribution is normal. The shape of the sensitivity profile for the red stimulus could be explained by rod mediated function, where the sensitivity should be about 20 dB below that for the green stimulus.
Additional confirmation could be gained from the sensitivity profile for green stimuli measured exactly along the horizontal meridian within the central 95°. However, especially for patients with central scotoma an exact assignment is impossible with the present technique. The reliability of the color perimetry results can be improved by better control the position of the fixation. In principle, the SLO has the necessary features for dark adapted fundus controlled color perimetry. The necessary features are a green and a red laser, both equipped with acousto-optic modulatores (AOMs) in their beam paths to be able to present stimuli. Additional laser wavelengths could be also useful to improve densitometry results. Firstly, with the AOM in the beam path of the green laser it would be possible to present a fixation target during densitometry. Secondly, the discrimination of rod and cone photopigments can be improved by using additional laser wavelengths for scanning laser densitometry. Kilbride and Keehan, (1990) could discriminate rod and cone photopigments in the range between 2 and 8°using a fundus camerabased imaging densitometer with 12 different wavelength. Using 595 nm laser light that bleaches and is absorbed mainly by cone photopigments, Elsner et al. (1992 Elsner et al. ( , 1993 ) measured the cone photopigment distribution without influence of the rod photopigment. After selective bleaching with 633 nm light, van Norren and van de Kraats, (1989) could also measure the cone photopigments distribution. This procedure is not yet possible with our modified SLO.
Nevertheless, to separate rod and cone photopigments in the range between 2 and 8°requires careful control studies as the densities for the different photopigments vary widely among normal subjects.
Despite some uncertainties at the present state of development, both methods and especially the combination of these two methods are valuable tools for assessing retinal function. Further improvements are necessary and possible.
Conclusion
Imaging densitometry with a modified Rodenstock scanning laser ophthalmoscope is a useful method to assess the human photopigment distribution. For a normal subject the central cone photopigment distribution and the increasing density due to the rod photopigment distribution can be clearly measured. For a patient with retinitis pigmentosa the missing or considerably reduced rod photopigment beyond 4°and the remaining cone photopigment distribution at the foveal center can be clearly shown. Conversely, for a patient with cone dysthrophy, missing or considerably reduced cone photopigment at the foveal center and the normal rod photopigment distribution was found. Dark adapted sensitivity profiles confirm the measured photopigment distributions. Both the photopigment density distribution and sensitivity profiles can be measured with high spatial resolution. This may help to measure exactly the temporal development of retinal disease and to test the success of different therapeutic treatments. However, both methods have limitations at the present state of development. Some of these limitations can be overcome by improving the methods. Unfortunately, additional laser wavelength and dark adapted color perimetry for the SLO are not commercially available. To be able to fully exploit the useful features of the SLO, considerable improvements for the SLO are under development.
